Patent foramen ovale (PFO) is a common benign finding in healthy subjects, but its prevalence is higher in patients with stroke of unclear cause (cryptogenic stroke). PFO is believed to be associated with stroke through paradoxical embolism, and certain clinical and anatomical criteria seem to increase the likelihood of a PFO to be pathological. Recent trials have shown that closure of PFO, especially if associated with an atrial septal aneurysm and/or a large interatrial shunt, may reduce the risk of recurrent stroke as compared to medical treatment. However, it remains challenging to risk stratify patients with suspected PFO-related stroke and to decide if device closure is indicated. We sought to review contemporary evidence and to conclude an evidence-based strategy to prevent recurrence of PFO-related stroke.
Introduction
Patent foramen ovale (PFO) is a normal interatrial communication during fetal life that commonly persists thereafter [1] . The prevalence of PFO ranges from 25 to 35%, with decreasing prevalence and increasing size with each decade of life, possibly indicating that larger PFOs remain patent and smaller defects close over time [2, 3] .
During fetal life, the septum primum (a flap that forms the floor of the fossa ovalis) and the septum secundum (an infolding of the atrial wall on the right atrial [RA] side) fuse together [4] . The fusion of both septa is not complete leaving an interatrial communication at the antero-superior edge of the fossa ovalis (the site of the embryonic ostium secundum) which constitutes the foramen ovale. This communication allows blood from the inferior caval vein -directed preferentially to the foramen ovale by the Eustachian valve -to bypass the pulmonary circulation into the left heart. Following decreased pulmonary resistance and increased left atrial (LA) pressure at birth, the septum primum adheres to the fossa ovalis rim, and obliteration of the foramen ovale is usually complete by the first year of life [5] .
The PFO diameter (average, 4.9 mm) allows the passage of emboli from the venous system that are large enough to occlude up to the middle cerebral artery stem (3 mm) to reach the cerebral circulation [6] . Each year, 345,000 patients aged 18-60 years present with a PFO and an embolic stroke of otherwise undetermined source worldwide [6] . Younger patients with a cryptogenic stroke have a 2.3-fold increased relative risk of having a PFO, compared with age-matched individuals with a stroke of a clear cause, suggesting -based on probability theory -a 73% likelihood that PFO is the mechanism of the stroke in those patients [6] . Based on transesophageal echocardiographic (TEE) screening, patients with a cryptogenic stroke/transient ischemic attack (TIA) have an average prevalence of any PFO, PFO associated with atrial septal aneurysm (ASA), and large PFO of 43.2%, 14.5%, and 19.5%, respectively. Importantly, the prevalence of any PFO, PFO with septal aneurysm, and large PFO showed a remarkable variability between younger (< 50 years) versus older patients: 59.9% vs. 35 .2%, 16.3% vs. 11.6%, and 18.6% vs. 22.9%, respectively; suggesting that PFOs tend to close over time, with larger PFOs tending to persist into older age [7] .
Anatomy and Morphology of PFO: Pathologic and Therapeutic Implications
Since the flap valve of the fossa ovalis (made by the septum primum) is larger than the fossa, the length of the overlap between both septae can be considerable, resulting in a tunnel-like PFO with a length (depth) of 1-6 mm (longer variants are uncommon), a width of 5-13 mm (average 4.9 mm), and RA aperture measuring 6-9 mm at the long axis and 3-6 mm at the short axis [3, 5, 8] . The tunnel has RA entrance at the antero-superior edge of the fossa ovalis and LA exit located close to the antero-superior LA wall towards the aorta [5] . This proximity to the atrial wall should be carefully considered when attempting to advance a catheter through a long PFO which could penetrate through the atrial wall which is usually exceptionally thin at this location [5] (Fig. 1) .
A long narrow tunnel is one morphological form of PFO, but the morphology of PFOs varies considerably between individuals and can be broadly classified into simple and complex. Criteria of complex PFO include: long tunnel length (≥8 mm), ASA, thick septum secundum (≥10 mm), very short septum secundum flap (i.e., short/absent aortic rim), and prominent Eustachian ridge or Eustachian valve [5] . A complex PFO is more likely associated with cryptogenic stroke and may require special considerations when choosing the type and size of the occluder device.
Pathophysiology of PFO-Related Ischemic Stroke
Brain infarction not attributed to arteriosclerosis, small vessel disease, or cardio-embolism after extensive vascular, serologic, and cardiac evaluation (cryptogenic stroke [9] ) constitutes up to 40% of all ischemic strokes [10, 11] . An association between PFO and cryptogenic stroke has been established in the 80s of the last century [12] [13] [14] . Paradoxical embolism is the suggested mechanism linking PFO to stroke and occurs when a thrombus from the systemic venous circulation passes to the systemic arterial circulation via a right-to-left shunt. The concept of paradoxical embolism through a PFO was first described by Zahn in 1881 who described a branched thrombus from a uterine vein caught in a PFO on a postmortem examination [10] . In patients with cryptogenic stroke, the rates of deep venous thrombosis (20 vs. 4%) and PFO (59 vs. 19%) are higher than in patients with stroke of known origin [15] . Besides paradoxical embolism, the combination of a large PFO with ASA has been suggested to lead to LA dysfunction producing an "atrial fibrillation (AF)-like" pathophysiology predisposing to systemic thromboembolism that normalizes after PFO device closure [16] . PFO should be differentiated from LA septal pouch, which is a different, albeit related, entity that has been controversially linked to cryptogenic stroke [17, 18] . Defined as a diverticulum on the left side of the interatrial septum exclusively connected to the LA in the absence of an interatrial communication [18, 19] , the LA septal pouch has been shown to serve as a site of stasis and thrombus formation [20] but has also been linked to an increased AF risk [21] .
Although labeling a stroke attributable to paradoxical embolism as "cryptogenic" could be seen as a misnomer [22] as the cause of the stroke is already known, this terminology prevails in the medical literature to date and will be applied throughout this report to describe stroke with no obvious cause other than PFO-related embolism.
Confirming a Causal Relationship between PFO and Stroke Is Challenging
In spite of the strong evidence suggesting an association between PFO and the risk of stroke, confirming a causal relationship in a given patient is challenging. Even in those DOI: 10.1159/000501028 with cryptogenic stroke, at least one third of PFOs discovered are likely to be incidental [23] . In those cases, closure of an incidental PFO would expose patients to procedural and device-related risks while leaving the actual cause of stroke unaddressed. The probability that stroke is actually attributable to PFO is higher in younger than in older patients [23] , in the absence of clinical risk factors for stroke than in the presence of such risk factors [24] , and in case of a cortical infarct (suggesting an embolic mechanism) [25] . Notwithstanding, the association between PFO and stroke risk has been documented -albeit less strongly -in older patients and in patients with classical stroke risk factors, as well as in non-cortical brain infarcts [26] [27] [28] . The presence of ASA (seen in approximately 30% of PFO cases [29] ) also increases the likelihood that PFO is implicated in stroke [23] as well as the risk of recurrent stroke [30] . ASA may hemodynamically facilitate access of venous emboli arriving in the RA into a PFO or cause local thrombosis in the PFO tunnel or the atria (by inducing flow turbulence and/or stagnation) [31] .
Additionally, a causal relationship between PFO and stroke is more likely in the presence of larger PFOs (de- fined as the maximum separation of the septum primum and septum secundum ≥2 mm), longer tunnel length (defined as a maximum overlap of the septum primum and septum secundum ≥8 mm), and/or severe shunting (defined as > 30 microbubbles on contrast echocardiography) [32, 33] . Another clinical clue suggesting paradoxical embolism in the presence of PFO is concomitant venous thromboembolism (VTE) [34] . Other less-wellestablished factors predisposing to paradoxical embolism in the setting of PFO include straining pre-stroke, waking up with a TIA or stroke, and obstructive sleep apnea [35] . Accordingly, the risk criteria for stroke in patients with a PFO can be broadly categorized into clinical criteria (at the patient level), PFO anatomical/functional criteria, cerebral imaging criteria, and circumstantial criteria (e.g., concomitant VTE or straining pre-stroke) (Fig. 2) .
The RoPE (risk of paradoxical embolism) score combines some of these criteria to identify stroke-related versus incidental PFO in cryptogenic stroke [24] . The 10-point score is calculated from the following variables: younger age, the presence of a cortical stroke on neuroimaging, and the absence of diabetes, hypertension, smoking, and prior stroke or TIA. The youngest patients with superficial strokes and without atherosclerosis risk factors have the highest score indicating a higher likelihood that PFO is stroke-related rather than incidental. Although helpful and practical, the RoPE score should always be used in conjunction with other parameters because it is only modestly validated and does not account for high-risk morphological features of the PFO [22] . Among few external validation studies, one small study identified a RoPE score > 7 as a cutoff point indicating that PFO is more likely to be stroke related [36] . In another study of a cryptogenic stroke cohort, the prevalence of PFO-related right-to-left shunt was 50-56% in patients with RoPE scores < 7 vs. 79% in those with a score ≥7 [37] . Additionally, a higher RoPE score correlated modestly with the severity of right-to-left shunt [37] . Other studies use a score > 5 [38] or > 6 [39] to classify PFO as stroke related.
Risk Stratification and Preclosure Workup
Cryptogenic Stroke Workup PFO closure is typically and most commonly considered in patients with otherwise cryptogenic stroke after a careful exclusion of potential causes of ischemic stroke through brain, aortic, and carotid imaging, cardio-embolic screening, as well as screening for thrombophilia. Even when aortic, cervical, and cerebral vessel imaging does not identify large artery atherosclerosis, the presence of atherosclerosis risk factors per se diminishes the likelihood that PFO is causally related to the index stroke. As ischemic stroke is much more commonly due to LA appendage thrombosis than due to paradoxical embolism, identifying AF is important before a stroke is ascribed to PFO. Routine 12-lead ECG and either inpatient cardiac telemetry or 72-h Holter monitoring are indicated in all cases, and insertable cardiac monitors for ≥6 months are indicated in AF high-risk patients (e.g., older age, diabetes, heart failure, LA hypertrophy, and prolonged PR interval) to rule out AF before deciding upon PFO closure [22, 31] .
Demonstration and Quantification of a Right-to-Left Shunt
In order to implicate a PFO as a cause of stroke, a rightto-left shunt must be demonstrated, for example, by contrast echocardiography using saline microbubble or dedicated echo contrast media. In saline contrast echocardiography, an agitated mixture of 5-10 mL 0.9% saline and 0.2-1 mL air ± small amount of patient's own blood (to improve echogenicity) is inspected carefully for visible bubbles -which must be discarded -and injected through a large-bore intravenous cannula placed in the left arm and/or in the lower limb (in case of a negative study in spite of high clinical suspicion).
As right-to-left shunting occurs only when RA pressure exceeds LA pressure, maneuvers such as the Valsalva maneuver, sniffing, or coughing are usually required to demonstrate the shunt. To prove efficiency of such maneuvers, thus enabling confident PFO exclusion, the septum primum should be seen to deviate/bounce towards the LA at the time when the RA is completely filled with contrast. A bubble contrast study should be performed during transthoracic echocardiography (TTE) when the patient can actively perform the provocative maneuvers, and -if necessary -be repeated during TEE. A potential pitfall is the difficulty in distinguishing a pulmonary shunt from a cardiac shunt (usually appears within 3 cardiac cycles from RA opacification). Standardized grading of the severity of the shunt is based on the maximum number of bubbles seen within the LA in a single frame within 3 cardiac cycles after RA opacification, with > 25-30 bubbles typically indicating a severe shunt [22, 40] . In patients with inadequate echocardiographic images as well as in those with a negative TTE in spite of high clinical suspicion, detection of shunt with provocation can be alternatively performed using contrast-enhanced transcranial Doppler (TCD), typically involving a unilateral interrogation of the middle cerebral artery. On TCD, the detection of > 10 high-intensity transient signals after intravenous injection of agitated saline ± blood suggests the presence of a severe right-to-left shunt. In addition to the bubble test with provocation, another less-applied approach is 30-min monitoring for spontaneous micro-embolism. Each of the aforementioned tools has its relative advantages and disadvantages. For example, taking TEE as a reference, TCD is more sensitive (reliable in ruling out PFO) but less specific (less reliable in ruling in PFO) as compared to TTE [41] .
After demonstration of a right-to-left shunt (by contrast echocardiography and/or contrast TCD), TEE is necessary to define PFO anatomy and to exclude the presence of other potential sources (e.g., aortic arch atherosclerosis, atrial appendage thrombi, and other shunts such as atrial septal defect, unroofed coronary sinus, and pulmonary arteriovenous malformations).
Assessment of PFO Morphology
After confirmation of a PFO-related right-to-left shunt, other shunts are excluded, and shunting through the PFO is indicted for paradoxical embolism, further characterization of PFO is necessary before a closure procedure is undertaken (Table 1) . On the one hand, certain morphologic features increase the likelihood that PFO is pathological, and, on the other hand, some of the anatomical features are important for deciding upon the feasibility of transcatheter closure as well as the choice of the device type and size. For example, an excessively mobile septum might call for a larger device diameter to secure anchorage, and an excessively thick septum secundum (e.g., ≥10 mm) may prevent the device disks from resting flush against the fossa ovalis calling for a smaller device size and/or a softer device platform (e.g., the NMT Medical Biostar) [5] . While PFO/atrial septal anatomical features can be determined on preprocedural echocardiography, evaluation can sometimes be completed only during the procedure when a catheter is introduced through the PFO tunnel pushing the septal flap aside, thus allowing further appreciation of the dimensions and flexibility of the PFO tunnel.
Treatment of Stroke-Indicted PFO
Therapeutic Options Medical Treatment. From a pathophysiological standpoint, anticoagulation might be superior to antiplatelet therapy in preventing PFO-related stroke, as anticoagulants better prevent thrombi arising in veins. However, anticoagulation is also associated with increased bleeding, and comparative studies have shown only modest evidence of an efficacy advantage [6] .
In most studies, oral anticoagulant (OAC) therapy was based on vitamin K inhibitors, while direct OACs were used in few trials. Antiplatelet therapy applied in clinical trials is variable, consisting of acetylsalicylic acid, clopidogrel, and/ or extended-release dipyridamole. Currently available evidence suggests that OAC may be superior to antiplatelet therapy [42] [43] [44] [45] [46] [47] and that device closure plus antiplatelet therapy may not be superior to OAC for secondary prevention of PFO-related stroke [6, 45] . However, the risk of major bleeding is higher with OAC [22, 48] , and the hemorrhagic risk could be reduced with the use of direct OACs [49] , although few robust data exist in PFO patients [42] .
Percutaneous Closure. Most contemporary evidence on PFO closure has been obtained with the Amplatzer PFO occluder, the use of which has been shown to be associated with a higher complete closure rate and a relatively lower risk of AF as compared to other contemporary occluders [22] . To date, two PFO closure devices received FDA approval: the Amplatzer PFO occluder (in October 2016) and the GORE CARDIOFORM septal occluder (in March 2018).
Complete occluder endothelialization can take up to 5 years after implantation. Therefore, dual antiplatelet therapy is recommended for 1-6 months after PFO closure, and single antiplatelet therapy thereafter for at least 5 years [22] .
PFO closure is generally a relatively safe procedure and PFO closure-related complications are estimated to occur in 2.6% of cases in randomized trials [22, 50, 51] : Possible complications include a residual shunt, atrial arrhythmias, and, rarely, device thrombosis, embolization, endocarditis, and erosion. Pericardial effusion can occur as a result of intraprocedural perforation, acute/delayed device erosion, and/or allergic reaction (usually mild effusion).
Most of these complications, as well as the risk of a residual shunt and recurrent thromboembolic events are relatively less frequent with the Amplatzer PFO occluder compared to other commercially available devices [22, [50] [51] [52] .
AF is the most frequent complication of percutaneous closure. In a recent meta-analysis (n = 3,924 patients; mean follow up = 2.8 ± 1.7 years), PFO closure was associated with an increased risk of new-onset AF compared to medical therapy (relative risk: 4.30, 95% CI: 2.40-7.90). However, the majority of device-associated AF (76%) occurred early, did not recur, and were associated with a very small number of stroke events presumably attributable to device-associated AF [53] . The risk of AF appears to be lower with the Amplatzer PFO occluder than other devices used in large-scale trials [22] .
PFO Closure: History and Current Evidence
The first patient series of device PFO closure for presumed paradoxical embolism was reported in 1992 by Bridges et al. [54] . Since then, many investigators sought to prove the feasibility, safety, and efficacy of PFO closure to prevent recurrent stroke. In a meta-analysis of the relatively small retrospective studies published until 2003 [55] , the 1-year recurrence rate of neurological events was 0-4.9% for device closure (1,355 patients in 10 studies) compared with 3.8-12% for medical therapy (895 patients in 6 studies). The results of this meta-analysis were then further supported by another relatively large -yet single-center, retrospective -study which showed that at the 4-year follow-up, PFO device closure resulted in a reduction in the incidence of recurrent stroke or TIA compared to medical therapy [55] . Those studies, and others, have stimulated the conduction of a number of prospective randomized trials comparing PFO device closure to medical treatment in patients with PFO and otherwise cryptogenic stroke.
In 2012-2013, the results of the first large-scale randomized trials of PFO closure were published. The CLO-SURE I trial [56] (n = 909 patients) randomized patients with otherwise cryptogenic stroke or TIA and had a PFO DOI: 10.1159/000501028 to percutaneous closure (with the STARFlex device [NMT Medical] combined with dual antiplatelet therapy for 6 months and aspirin for further 18 months) or medical (antiplatelet and/or anticoagulant) therapy alone. The rate of stroke or TIA during 2 years of follow-up was 5.5% in the closure group versus 6.8% in the medical-therapy group (p = 0.37). The PC trial (n = 414 patients) compared transcatheter closure (using the St. Jude medical Amplatzer PFO occluder combined with dual antiplatelet therapy for 1-6 months) versus medical therapy (comprising antiplatelet or anticoagulant therapy) [57] . At a mean follow up of 4.1 years, PFO closure did not result in a significant reduction in the risk of recurrent embolic events or death as compared with medical therapy (3.4 vs. 5.2%, p = 0.34). The RESPECT trial (n = 980 patients) compared transcatheter closure (using the Amplatzer PFO occluder combined with dual antiplatelet therapy for 1 month followed by aspirin for 5 months) with medical therapy (antiplatelet[s] or warfarin) [58] . The primary endpoint of recurrent ischemic stroke or early death occurred in 1.8 versus 3.3% in the device closure versus medical treatment arms, respectively (HR 0.49, 95% CI 0.22-1.1, p = 0.08). Owing to a higher dropout rate in the medical-therapy group, treatment exposure between both groups was unequal. In the as-treated analysis, closure was significantly superior to medical therapy regarding the rate of recurrent stroke at 2.6 ± 2.0 years of followup.
Most of the early randomized trials of PFO closure did not meet the primary endpoint, likely due to a combination of poor enrollment, relatively short follow-up, lenient inclusion criteria with modest proportion of PFOs with high-risk features (large shunt and/or ASA), and a relatively high rate of residual shunt and device thrombosis of the older device designs. This has led to raising the awareness of the design that would be most appropriate for future trials and suggested that patients with anatomical high-risk features of PFO (ASA/large shunt) are probably the patient group most likely to benefit from PFO closure. Data have also suggested that to demonstrate a clear advantage of PFO closure over medical treatment for secondary prevention of stroke, a longerterm follow-up is required. Recently (as of 2017), the results of multiple randomized trials involving a relatively long follow-up and applying more strict features for patient inclusion were published.
RESPECT Trial. The long-term follow-up results of the RESPECT trial (median follow-up of 5.9 years) further confirmed that PFO closure is associated with a lower rate of recurrent ischemic strokes than medical therapy alone (HR 0.55, 95% CI 0.30-1.0, p = 0.046) [59] . On sensitivity analysis, superiority of PFO closure was shown to be significant only in those with ASA (as compared to no ASA) and in those with a severe shunt (as compared to those with a moderate or less severe shunt). Importantly, the rate of recurrent ischemic stroke of undetermined mechanism was significantly lower after PFO closure than with medical therapy, while the rate of recurrent ischemic strokes of determined mechanism was not different between both groups.
CLOSE Trial. The CLOSE trial (n = 663 patients) included patients with a recent stroke attributed to PFO with an associated ASA or large interatrial shunt [45] . Patients were randomized to transcatheter PFO closure (with any Conformité Européenne [CE]-marked device) plus dual antiplatelet therapy for 3 months followed by aspirin for life, antiplatelet therapy alone, or OAC. At a mean follow-up of 5.3 ± 2.0 years, the incidence of recurrent stroke was significantly lower (0 vs. 4.9%, HR 0.03, 95% CI 0-0.26, p < 0.001) while the rate of AF was higher in the PFO closure than in the antiplatelet-only group. In the anticoagulation group, 20% of patients discontinued the anticoagulation therapy and no significant difference in the rate of recurrent stroke was observed between this group and the antiplatelet only group.
GORE REDUCE Trial. In the GORE REDUCE trial [60] (n = 664 patients), patients were randomized to undergo PFO closure (using the GORE CARDIOFORM septal occluder or GORE HELEX septal occluder [GORE and Associates]) plus antiplatelet therapy or antiplatelet therapy alone. Notably, ASA was not routinely checked for, and 81% of enrolled patients had a moderate-severe shunt. During a median follow-up of 3.2 years, the incidence of clinical ischemic stroke was significantly lower in the PFO closure group as compared to the antiplateletonly group (1.4 vs. 5.4%, HR 0.23, 95% CI 0.09-0.62, p = 0.002). In the PFO closure group, AF occurred in 6.6% of patients.
DEFENSE-PFO Trial. In this trial (n = 120 patients), patients with cryptogenic stroke and high-risk PFO (defined as PFO with ASA or septal hypermobility, or large PFO, i.e., maximum separation of the septum primum from the secundum ≥2 mm) were randomized to transcatheter PFO closure with the Amplatzer occluder or medical treatment (as decided by the treating physician). During the 2-year follow-up, the primary endpoint (a composite of stroke, vascular death, or major bleeding) occurred exclusively in the medical treatment group (12 vs. 0%) [61] . Features of the 6 randomized PFO closure trials (collectively comprising 3,740 patients and a total of 13,850 patient-years follow-up) are summarized in Table 2 .
Meta-Analysis of Randomized Trials. In 2 meta-analyses by De Rosa et al. [62] and Shah et al. [63] , data from 4 randomized trials (PC, RESPECT, REDUCE, and CLOSE) were pooled. Both the CLOSURE I trial (involving a device that is no longer available) and the DEFENSE-PFO trial (published after conduction of the meta-analyses) were not included. Both meta-analyses showed that PFO closure prevents recurrent stroke but increases the incidence of AF as compared to medical treatment. PFO closure was associated with a stroke risk reduction of 3.1-3.3% [62, 63] and new-onset AF/flutter risk increment of 3.3% [62] .
Conclusions
Contemporary Evidence-Based Management of PFO As discussed above, recent trials have shown that PFO closure is superior to medical treatment in the secondary prevention of ischemic stroke especially when performed in a specific PFO patient group (18-60 years old) characterized by: (a) likely otherwise cryptogenic stroke and (b) high-risk PFO features (e.g., ASA and large shunt). On the other hand, older trials which tended to be negative mostly enrolled unselected patients without high-risk PFO features and sometimes without exhaustive confirmation of otherwise cryptogenic stroke. Therefore, it is very important to underline the importance of patient selection for PFO closure, bearing in mind that not all patients with apparently PFO-related embolism will clearly benefit from percutaneous closure. The estimated number needed to treat with PFO closure to prevent 1 stroke over 5 years is 24 in unselected patients and 13 in patients with ASA [6] . Notwithstanding, it should be borne in mind that an even modest annual stroke risk reduction will likely pile up over many future at-risk years in younger patients with first cryptogenic ischemic stroke. Moreover, a markedly higher incidence of PFO-related stroke in certain situations of increased stroke risk (e.g., after operation in PFO patients undergoing non-cardiac surgery) may account for an even higher potential benefit of PFO closure in selected patient populations [64, 65] .
Based on currently available evidence, a European position paper on the management of patients with PFO has recently been published [22] . This position paper recommended the choice of a treatment strategy for PFO in the setting of left circulation thromboembolism based on the following considerations:
Estimating the probability of a PFO being embolismrelated based on the presence of certain patient characteristics, brain infarct patterns, PFO anatomical features, and conditions potentially predisposing to/precipitating paradoxical embolism through a PFO (summarized in Fig. 2) .
The expected efficacy and risks of a lifelong medical therapy (as opposed to PFO closure). For example, patients with AF who require and can tolerate life-long OAC will probably benefit less from device closure than patients who otherwise do not have an indication for OAC or those with absolute/relative contraindication to prolonged antithrombotic treatment (e.g., planned pregnancy or surgery).
Estimating the risk of recurrence of paradoxical embolism through a PFO. The importance of this risk estimation is that the risk of a recurrent embolism in unselected PFO patients is variable and generally low with an estimated annual rate of stroke recurrence of 2.0% (95% CI: 1.1-2.8%) [22, 38, [66] [67] [68] . In the RoPE score derivation cohort (including unselected PFO cases), the recurrence rate of ischemic events decreased as the RoPE score increased, suggesting that patients with index events most likely to be PFO attributable were least likely to experience recurrent ischemic events [24] . Even after PFO closure, recurrent cerebrovascular events are more likely in patients with a lower RoPE score (≤6) [69] . Therefore, identifying patients who not only have PFO-attributable embolism but also a significant risk of recurrence is crucial to identify patients who will likely benefit from PFO closure. In one meta-analysis [68] , recurrent cryptogenic stroke and TIA were more likely in PFO patients with moderate-to-large as compared to small TCD-quantified shunts (relative risk: 2.91; 95% CI = 1.32-6.41). Other examples of groups exposed to a higher stroke recurrence include: older patients, patients with hypercoagulable disorders, patients on aspirin (vs. OAC), and patients with ASA [22] . Accordingly, patients with a likely cryptogenic stroke, a high probability that PFO is embolism related, a high risk of stroke recurrence, and an unfavorable risk/benefit ratio if treated medically are likely to benefit most from PFO closure. PFO closure is to be followed by dual antiplatelet therapy for 1-6 months and single antiplatelet therapy for up to 5 years thereafter. Caution should be exercised as those patients age and acquire new ischemic stroke risk factors (e.g., atherosclerosis risk factors and AF), leading to a re-rise in the risk of recurrent stroke that is not attributable to PFO. Therefore, a life-long antithrombotic treatment in spite of PFO closure should be (re)considered on an individual basis. In patients not fulfilling the criteria justifying percutaneous closure, the choice of medical treatment should be individualized according to benefit/risk ratios. Long-term OAC may be an option in patients with: (a) a low bleeding risk, (b) a high likelihood of therapeutic compliance and proper anticoagulant monitoring, and (c) a history of VTE and/or a high risk of stroke recurrence. In patients in whom these conditions are not satisfied, antiplatelet therapy should be prescribed. In cases who are not eligible for device closure, patients should be reassured that the absolute stroke recurrence rate is still low under medical treatment. A suggested management scheme is outlined in Figure 3 and is best implemented by a multidisciplinary team comprising at least a cardiologist and a neurologist. 
